A ccording to the concept of shared medical decision making, the technical knowledge of risks and benefits of medical interventions is held by the physician, who then shares this knowledge with patients to enable them to decide according to their preferences. 1 If physicians do not have this knowledge, which involves understanding health statistics, effective risk communication and shared decision making cannot take place. Numerous studies found that the format in which numeric health data are presented can generate divergent interpretations amongst physicians-a phenomenon that has been largely explained by the fact that some formats yield larger numbers than others and thus are more persuasive. [2] [3] [4] [5] [6] [7] In the past, researchers mainly focused on the persuasiveness of relative risk reduction compared with absolute risk reduction and number needed to treat. 4, 7, 8 Another persuasive format, however, might be the 5-y survival rate.
The 5-y survival rate is probably the most common statistic used to report the progress in treating cancer. Improvements in 5-y survival are often considered an unambiguous sign of success: If patients who receive screening tests or examinations tend to live longer than those who do not, society's enormous investments in early detection and improved treatments must be paying off. However, although the 5-y survival rate is a valid measure for comparing cancer therapies in randomized trials, it is not valid for comparing differently diagnosed groups (e.g., survival before versus after the introduction of screening; survival of unscreened versus screened people). In fact, changes in 5-y survival over time and groups were found to be completely unrelated to changes in cancer mortality for the 20 most common solid tumors (r = .00) in the United States. 3, 9 To understand why, it is helpful to look at how the 5-y survival statistic is calculated in the context of screening:
Disease-specific 5-year survival rate ¼ number of persons diagnosed with a specific cancer still alive 5 years after diagnosis number of persons diagnosed with a specific cancer in the study population
:
In this calculation, the key term to notice is diagnosed, which appears in the numerator and denominator of the survival statistic of a specific cancer. Cancer can be diagnosed by either symptoms or screening. By definition, screening detects cancer before it causes symptoms. Because of this property, screening can bias 5-y survival rates in 2 ways: 1) by prolonging the period in which patients are known to have cancer and 2) by including people with nonprogressive cancer in the statistic. The first, called lead-time bias, accounts for the fact that screening may only reduce the time to diagnosis without increasing the time to death. This prolonged period of being diagnosed makes patients attending screening more likely to enter the 5-y survival statistic. Yet this may have no bearing on real prolonged or saved lives. 10 The second phenomenon, called length-time bias or overdiagnosis bias, concerns the detection of lesions that meet the pathological definition of cancer yet never become clinically significant due to their prolonged preclinical phase or their lack of propensity to progress. 10 The inclusion of nonprogressive and slowly progressive cancer inflates the 5-y survival statistic in 2 ways: First, it inflates the number of persons diagnosed (incidence) with a specific cancer in the study population (the denominator of the survival equation). Second, it inflates the number of diagnosed persons still alive 5 y after diagnosis (the numerator of the equation), because people with slowly progressive and nonprogressive cancer have a better prognosis than people with aggressive cancer and are thus more likely to survive the next 5 years.
Because 5-y survival rates do not allow reliable judgments on improved cancer control due to these biases, physicians are advised to use diseasespecific mortality rates for a specific cancer. 11 This statistic does not depend on diagnostic procedures and therefore is not prone to screening-induced biases.
Annual disease-specific mortality ¼ number of persons who die from a specific cancer over 1 year number of persons in the study population :
Nonetheless, changes in survival rates over time 9 and across differently diagnosed groups 12 are still reported in the relevant medical journals. What do doctors conclude from these?
The present study is, to the best of our knowledge, the first to investigate how different measures used to report progress against cancer influence physicians' recommendations of screening and judgments of its effectiveness. A literature search of PubMed, MED-LINE, and ISI Web of Knowledge using layers of subject headings combining 5-year survival as a constant and the subjects of doctors' understanding, clinicians' understanding, physicians' understanding, risk communication, bias, and success against cancer did not reveal any study in this vein. We assessed how 5-y survival rates, mortality rates, and 2 combinations of 5-y survival rates, mortality rates, and incidence-which were varied over time or groupwould alter physicians' recommendations of screening as well as their judgments of its effectiveness. Furthermore, we investigated physicians' knowledge about lead-time bias and length-time bias. This study was exploratory in nature.
METHOD Materials
We developed 2 versions of a survival survey: version ''group'' and version ''time.'' Although otherwise alike, version ''group'' always presented data as a comparison between a screened and an unscreened group and version ''time'' as a comparison between 1975 and 2004. Each version rested on a repeated-measures design and comprised 4 conditions: Condition 5Y provided data on 5-y survival, condition 5YM on 5-y survival and annual diseasespecific mortality, condition M on annual diseasespecific mortality, and condition 5YMI on 5-y survival, annual disease-specific mortality, and incidence (see Web Appendix 1).
To mask the fact that data shown in the 4 conditions and in both versions always referred to the potential effect of screening for the same cancer site (prostate), screenings and tumors were labeled with capital letters. The survey face sheet stated that all screenings mentioned in the following conditions were noninvasive, detected tumors for which several treatment options exist, and were first used routinely at the beginning of the 1990s. Each of the 4 conditions was preceded by an introduction of a 55-y-old healthy patient seeking advice from the doctor on whether to be screened for tumor A, B, or C and so forth.
Four outcomes were measured: recommendation of screening (yes, no, I can't decide), reasoning behind recommendation (open answer format), judgment of screening's effectiveness (yes, no), and, if judged effective, a numerical estimate of how many fewer people out of 1000 would die if they were regularly screened. After the 4 conditions, physicians were further asked if they knew what leadtime bias and length-time bias are and, if so, to explain each of these.
To investigate with as little bias as possible what doctors would conclude from the commonly reported 5-y survival statistic, condition 5Y was always first, followed by the other 3 conditions in the listed order. Combined conditions aimed at investigating whether more information fosters a detection of lead-time (condition 5YM) and length-time bias (condition 5YMI). Both survey versions were piloted by 6 physicians and refined in response.
Rationale for Data Source
Data on 5-y survival rates, disease-specific mortality rates, and incidence presented in the 4 conditions were drawn from the Surveillance, Epidemiology and End Result (SEER) program for prostate cancer and for the time points 1975 and 1999. 13 When our study was conducted in late 2008, no reliable data for a comparison between a screened and an unscreened group had yet been released (results from 2 randomized controlled trials on the effect of screening for prostate cancer were not released until March 2009 14,15 ). Hence, numbers shown in version ''group'' were also orientated on the SEER database. To make conditions appear independent from each other, we marginally modified original SEER data from condition to condition in the 2 versions. Yet compared with the 20 most common cancer sites, the temporal increase of 5-y survival and incidence for prostate cancer ranked among the highest. 9 This raised concerns that results of our study might not be representative of other cancer sites. We thus decided to halve all numbers reported in version ''time'' when used in version ''group.'' For instance, when an increase of 31 percentage points was reported for condition 5Y in version ''time,'' an increase of 16 percentage points was reported for condition 5Y in version ''group'' (for details, see Web Appendix 2).
Sample and Procedure
Sixty-eight German physicians in internal medicine and its subspecialities participated in the study. Three physicians were excluded from analysis because they did not provide answers throughout all of the 4 conditions for recommendation of screening and judgment of screening's effectiveness, which was required for the within-subject comparisons. Of the final 65 physicians, 34 physicians completed the version ''group'' and 31 the version ''time.'' A breakdown of the physicians' characteristics is shown in Table 1 . Characteristics of respondents receiving the 2 versions did not differ with respect to the position, the work environment, years since graduation, or age (all 95% confidence intervals included 0). Responses were obtained through personal overtures by one author (n = 41) and through approaching physicians during further educational training (n = 24). The response rate was 98% for personal overtures and 65% for physicians approached during training.
When physicians agreed to participate, they were randomly allocated to one of the versions and were tested either at their work site or at a separate place within the facility where their training was being held. After giving informed consent, physicians were instructed to work individually, complete all questions following each of the conditions, and not to return to conditions that had already been completed. No payment was made for participation.
Analysis
All data were stored and analyzed with SPSS 16. If a response was lacking for any outcome, except recommendation of screening and judgment of screening's effectiveness, it was coded as a miss.
For the coding of reasoning behind recommendation (qualitative data), 2 independent raters first reviewed all reasons to establish categories that would cover these reasons. After the review, the raters discussed and consented on the categories. Next, each rater independently assigned physicians' responses to the categories. The interrater reliability was r = 0.91. Explanations of lead-time bias and length-time bias were coded as either correct or incorrect depending on whether they resembled the epidemiological definition. 10 Because the study was exploratory in nature, all outcomes were analyzed on a descriptive level.
RESULTS

Screening Recommendation
What would an informed pattern of recommendation look like? The 5-y survival statistic alone does not allow an unbiased judgment of the benefit of screening. Thus, if physicians are aware of this problem, they should chose either ''no'' or ''I can't decide'' in condition 5Y. The other 3 conditions provided information on disease-specific mortality, which allows an evaluation of the effect. In accordance with the SEER results, we presented mortality data that showed a minimal increase instead of a decrease for the screening group or the later time point. Thus, if physicians knew that they are advised to look at mortality data, one would expect them to choose ''no'' in these conditions. Therefore, an informed pattern of recommendation over the 4 conditions should be the following: I can't decide/no, no, no, no. One could argue, however, that physicians could have been knowledgeable about which statistic is best to look at but responded to the questions according to the practice of defensive medicine-a reaction to the unpredictabilities of the legal system in which a physician can be sued for doing too little but rarely for doing too much. 3, 16 In such a case, the minimal increase in mortality could be viewed as negligible and thus, for defensive reasons, the screening as recommendable. In this case, a defensive yet informed pattern of recommendation over the 4 conditions would be the following: I can't decide/no, yes, yes, yes. Figure 1 shows the actual pattern of recommendations for each physician across the 4 conditions-ordered by the number of ''yes'' choices-and for both versions. As can be seen, the 2 survey versions yielded roughly similar response patterns. No more than 4 physicians in version ''group'' (n = 34) and 1 physician in version ''time'' (n = 31) showed the informed pattern. The defensive yet informed pattern was not found with any of the physicians. Instead, in both versions, the patterns suggest that many physicians focused on the changes in 5-y survival. All conditions that included the 5-y survival statistic (5Y, 5YM, 5YMI) prompted considerably more ''yes'' choices than the condition presenting only disease-specific mortality (M). Forty-three of 65 physicians recommended screening when presented with only 5-y survival data. In contrast, only 5 of the same physicians recommended screening when presented with only disease-specific mortality data. The combined conditions, intended to foster physicians' insight by making them aware of lead-time bias and length-time bias, only partly attenuated the misleading effect of the included 5-y survival rate: Twenty of the physicians recommended screening when presented with condition 5YM, and 36 of them did so when later presented with condition 5YMI. One might conjecture that due to the repeated measurement design, physicians would show carryover effects. However, of all 65 physicians, only 6 always gave the same response throughout the 4 conditions.
Reasons for Recommendation
What reasons did physicians give for their recommendations? For both versions, the most frequent reason for a recommendation in favor of the screening was the increase in the 5-y survival rate over time or groups. Often, the physicians described this increase as ''meaningful,'' ''clinically significant,'' or ''exemplifying the merits of early detection.'' For condition 5YMI only, another prominent reason was what we call the incidence-mortality fallacy. Here, a physician would infer from an increased 5-y survival rate, plus increased incidence and a stable mortality rate, that screening must be effective, not realizing that more screening inflated the incidence and thereby the 5-y survival rate. For instance, one physician wrote on his sheet, ''5-year survival better for screened group, mortality between groups equates, yet incidence is higher in screened group, thus fewer people die in the screened group.'' However, unless tumor biology (aggressiveness of the tumor) was suddenly to change, the number of people who developed the disease (incidence) would not be expected to influence the 5-y survival rate, that is, the prognosis of an individual case. Thus, if incidence and 5-y survival rates increase at the same time while mortality rates remain unchanged, increased incidence may reflect changes in clinical detection practice rather than changes in true occurrence.
Recommendations against screening were mainly triggered by physicians focusing on the mortality rate and the subsequent impression that the benefit is either negative or does not exist. For the occasions in which physicians could not decide whether to recommend screening, no prominent main reason was detected. Table 2 gives an overview of the reasoning for each condition.
Judgment of Screening's Effectiveness
Five-year survival rates affected the judgment of screening's effectiveness in the same way as for recommendation. Across versions, 51 of the 65 physicians judged the screening effective when presented with 5-y survival rates only. When presented with the next condition providing 5-y survival and mortality data together, 31 physicians changed their minds-now, 20 of 65 considered the screening effective. Shown the third condition, which presented only mortality data, the number of physicians who still judged the screening effective reduced to 3. When given information on 5-y survival, mortality, and incidence data together in the last condition, the number of physicians judging the screening effective rose again to 32. Figure 2 shows the influence of the different statistics on the physicians' judgments by version, which again are roughly comparable.
Numerical Estimate of Screening's Effectiveness
When a physician judged the screening to be effective, he or she was subsequently asked how many fewer people would die out of 1000 if they were regularly screened. The change in the diseasespecific mortality rate over the 2 time points that we drew from the SEER results suggested that the answer is 0; no man has been saved from dying from prostate cancer since the introduction of screening. Thus, the best answer to the question of how many fewer would die is 0. These results were based on temporal changes, and one could argue that such changes cannot be exclusively attributed to the effect of screening. Results released later from 2 randomized controlled trials on the effects of prostatespecific antigen screening showed somewhat comparable results as the temporal data, however.
14,15
As Table 3 shows, 0 was not the answer that the physicians arrived at when confronted with the 3 conditions that included 5-y survival rates. At the median level, within these conditions, physicians expected between 13 and 150 fewer deaths in 1000 screened people. Because numbers presented in the conditions of version ''group'' were only halves of those presented in version ''time,'' overestimations for the former were smaller. In both versions, condition 5Y led to the highest overestimations of the effectiveness and also to the largest variation among estimates. The combined 5YM and 5YMI conditions generated smaller variation and estimates; nevertheless, compared with the real reduction of cancer mortality, they still yielded high overestimations. Because 62 of 65 physicians in condition M had 
Note: Numbers express the frequency of mention. A slash indicates ''I can't decide.'' Therapy v. screening indicates feeling unable to judge whether temporal changes of data are due to the success of screening or therapy. 5Y = 5-y survival; 5YM = 5-y survival and annual disease-specific mortality; M = annual disease-specific mortality; 5YMI = 5-y survival, annual disease-specific mortality, and incidence. Figure 2 Number of physicians who assumed the screening to be effective, shown by condition and for the 2 versions, group: n = 34, and time: n = 31. Conditions 5Y and 5YMI led the majority to assume the screening to be effective.
already correctly judged the screening to be ineffective in advance, only 3 physicians were asked for a numerical estimate. The 1 physician who finally gave an estimate would have been correct if we had reported a decrease instead of an increase in disease-specific mortality.
Knowledge of Lead-Time Bias and Length-Time Bias
After physicians had worked through the conditions, they were asked if they knew about the leadtime bias and the length-time bias and, if so, were asked to give an explanation of each. Fifty-four of the 65 physicians did not know what the lead-time bias was. Of the remaining 11 physicians who indicated they did know, only 2 explained the bias correctly. With only 1 exception, no physician knew what the length-time bias was. However, when asked to explain the bias, the 1 physician did not explain it correctly either.
DISCUSSION
Our exploratory study assessed how 5-y survival rates, mortality rates, and 2 combinations of 5-y survival rates, mortality rates, and incidence-varied over time or group-would alter physicians' recommendations of cancer screening and their judgment of its effectiveness. To recapitulate, across both survey versions, only 5 of 65 physicians showed informed recommendation patterns. More than twothirds of the physicians erroneously based their screening recommendations on changes in 5-y survival rates over time or group. Furthermore, the majority judged the screening to be effective and overestimated this effectiveness by up to 150 fewer deaths in the screened group when presented with 5-y survival rates. Knowledge of the 5-y survivalrelated biases in the context of screening evaluation was scarce to nonexistent. Only a few physicians felt that they required information other than survival rates to make a recommendation and to decide whether the screening would be effective. Combined conditions, intended to foster a detection of leadtime bias (condition 5YM) and length-time bias (condition 5YMI), only partly attenuated the misleading effect of the included 5-y survival rates. Results further showed that disease-specific mortality enabled physicians to judge the effectiveness of the screening correctly. The 2 versions of the questionnaire yielded comparable results.
An open question concerns how physicians arrived at the numerical estimates of the effectiveness of screening. Across conditions, between 10% and 50% of the physicians seemed to have based their calculations on changes in 5-y survival rates over time or group. In a few further instances, physicians used the corresponding 5-y survival rate of 2004 or of the screened group, respectively. However, for most of the estimates, it was impossible to reconstruct how physicians made their calculations. A better understanding of how physicians based their estimates of effectiveness on the 5-y survival rate-alone and in combination with other statistics-would help to reveal the nature of the confusion in more detail.
Strengths and Limitations of the Study
Our study was based on a repeated-measures design. Such a design has the potential shortcoming of carryover effects that might prevent participants from changing their responses from one condition to 21 (2) 7 (4) 1 (1) 13 (5) the other. However, across both versions, only 6 of the 65 physicians adhered to their initial recommendation, not changing it in the following conditions. Also, of the 51 physicians who judged the screening to be effective in condition 5Y, only 3 still did so in condition M, and many changed their judgment again when presented with condition 5YMI. A limitation of the present study is that we used a convenience sample of 65 physicians in internal medicine. Thus, we do not know about the generalizability of our results. A study with a representative sample would be needed to investigate if findings hold true for a wider range of physicians. At the same time, the study involved physicians of various hierarchies from a variety of work environments. In addition, results are clear-cut, so that we assume a fair generalizability of our findings.
Another limitation might be seen in the fact that we told physicians within the introduction of each condition that the presented data were obtained from a randomized controlled trial (RCT; see the web appendices). Although RCTs produce the best available evidence on which to base medical actions, they do not necessarily make a wrong statistic in a wrong context right. At the beginning of our article, we made clear that 5-y survival rates are a valid measure for comparing cancer therapies in RCTs but not for comparing differently diagnosed groups (screening v. symptoms) in or outside of RCTs, due to lead-time bias and overdiagnosis bias. In addition, it might be argued that physicians used the data presented uncritically, overlooking the fact that the trial was on screening and not on therapies. However, we used words relating to screening (e.g., screened group, unscreened group) 4 times within each condition, but in none did we include any words relating to therapy or treatment.
Implications for Policy, Practice, and Medical Training
It is important to us that our work is not misconstrued: This article is not meant to suggest that there has been no real progress in cancer care. Instead, we want to highlight that survival rates have the potential to deceive physicians' perception of screening's effectiveness and therefore wrongly influence their recommendations. Our findings lead to the important issue of which metrics should be presented and in what context in the medical literature. Policies exist, such as CONSORT (http://www.consort statement.org/), that recommend the reporting of changes in mortality for screening evaluation, and an increasing number of medical journals are now subscribing to such policies. However, these policies appear not always to be enforced, and thus the reporting of survival rates in the context of screening is still common. 12 We believe that the implementation and enforcement of such policies merit serious consideration. Equally important, better training of physicians in understanding health statistics at medical schools may lessen their vulnerability to being misled. For clinicians who wish to correctly inform their patients about the true benefit of screening, it is essential for them to learn that improving 5-y survival rates over time and over differently diagnosed groups may not reflect a reduced disease burden and should not be taken as evidence of improved prevention, screening, or therapy. Improved survival rates may instead reflect more cases being diagnosed and unchanged mortality, as suggested, for instance, for prostate cancer.
14, 15 In contrast, mortality is a clear-cut number that decreases with improvement in cancer control, be it through successful early detection or better treatment. A health system that expects physicians to correctly inform their patients about medical interventions should thus encourage the reporting of mortality rates in medical journals and medical training.
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